Abstract. Travel speed remains within the most important factors influencing the road safety. It is not only the severity of a crash that speed affects but velocity is also related to the risk of being involved in a crash. In Poland the problem of speeding drivers is widely common and similarly to other European countries speed is indicated as a dominant cause of accident occurrence. As a response to that many activities have been undertaken to better control drivers' behaviour. One of the recently implemented prevention measures on chosen national roads in rural areas is a sectional speed control system. First statistics show that within the area of the sectional speed system the average travel speed has decreased. However, these statistics do not consider the presence of other than passenger vehicles in a traffic flow and their possible influence on the average recorded speed. The aim of this paper is to examine driver's average speed depending on the geometric characteristics and type of a vehicle. Speed surveys were conducted with the use of ANPR (Automatic Plate Number Recognition) cameras. Tested sections included 12 sections of regional and 10 sections of province roads located in Podlaskie voivodship, Poland. During the measurements the traffic flow was composed of trucks, delivery vehicles and passenger cars. These types of vehicles were extracted and average travel speed was calculated for each group. Statistical analysis was performed between separated groups of users in order to evaluate the existence of statistically significant differences and to assess the influence of chosen road parameters and vehicle type on the average speed.
Introduction
Driver's behaviour is influenced by many factors related to road, vehicle and human characteristics. However, the most important factor is speed, which is pointed as a dominant factor in road safety analyses and road crashes occurrence. On the other hand, from the drivers' point of view travel speed is the most important quality assessment factor and drivers wish to drive in good and safe conditions even though those expectations can be mutually exclusive. Driving conditions on rural roads are closely related to the road environment, which has already been widely investigated by many researchers. However, most of them were mainly based on spot speed and operating speed. Wang et al. [1] studied the effects of cross section characteristics and adjacent land use on operating speeds in Atlanta and as a result they found a positive correlation of the operation speed with the number of driving lanes. The influence of the geometric parameters on the operating speed on multi-lanes highways was also confirmed by other researchers [2] [3] [4] [5] . The relationship between spot speed and horizontal curves was investigated by Jacob et al. [6, 7] on two-lane highways in hilly terrain. They investigated the relationship between 85 th percentile operating speed and basic geometric features of the horizontal curves like the radius, deviation angle and sight distance. As a result, applying regression analysis, a model that allows to predict the operating speed for horizontal curves was elaborated, but it was valid only for passenger cars. More extended field study, but focused on changes of drivers' speed behaviour on rural roads in relation to the operating speed over the time, was conducted by Radalj and Sultana [8] . Their investigations included analysis of the drivers' compliance to speed limit in free-flow driving conditions during 12 annual speed surveys. Changes in driver speed behaviours were used as measures of effectiveness of speed enforcement programs and other road safety initiatives undertaken by road authorities. In many studies to develop the operating speed models radar speed guns were used in speed surveys, but to avoid human errors possible in this method, some researchers used in-vehicle GPS equipment for speed collections [9] [10] [11] . This method allows to obtain more accurate data, as well as more precisely determine the minimum or maximum speed on curves to calculate the real operating speed. The need for regional speed analyses was already stated by Lamm and Smith [12] , who showed that drivers' speed behaviour depends not only on the country, but also on the smaller areas under investigations.
The main goal of this paper is to analyses drivers' behaviour on rural roads based on sectional speed measurements. Speed investigations were conducted with the use of ANPR (Automatic Number Plate Recognition) cameras, which allowed to analyse average speed on road segments of different lengths and geometric characteristics with the consideration given to traffic composition.
Research area and speed surveys
Research area included 12 regional and 10 district roads selected for comparison analyses. All roads are situated in Podlaskie province, Poland and their selection was based on different geometric characteristics. Speed surveys on those sections were performed with the use of a set of two ANPR (Automatic Number Plate Recognition) cameras installed on the check points. Vehicles passing through the check points located at the beginning and end point of every measured section were detected and recorded by video-cameras. A camera read the vehicle's number plate and encrypted it using the cryptology methods. When the vehicle exited the section, the number plate was again read and matched to the plate captured at the beginning of the section. Using these two data records and the elapsed time between them, the system calculated the average speed based on the length of the section. Behaviour was based on sectional speed changes related to the following parameters:
• width of a driving lane, m, • road curvature, degrees,
Research results and discussion
Speed surveys results and basic characteristics of the speed and geometry of investigated roads are presented in Table 1 . The data presented in Table 1 show the results of the sectional speed recorded on regional and district roads. Average speed on regional roads remains below the posted speed limit in case of rural roads. Average speed on the road segment passing through urban area with the speed limit 50 km·h -1 on both sections exceeded the existing speed limit. In case of district roads, except one road section D2, where average speed was slightly over the speed limit (V avg = 90.5 km·h -1 ), the average speed values remain distinctly below the speed limit and the range of speed varied from 66.9 km·h -1 to 81.8 km·h -1 . Average speed on a section D10 passing through a built-up area is over the speed limit, similarly to the sections of regional roads with the speed limit 50 km·h -1 . Considering 85 th percentile of speed the existing speed limit of 90 km·h -1 was exceeded on 3 out of 10 sections in case of rural roads and on 3 out of 9 sections of district roads.
Standard deviation of speed remains on similar levels in regional and district roads and opposite to expectations is not related to the average speed value. The highest values of standard deviation (SD = 13.5) were recorded on roads R1, D1 and D10*, where the average speed values were respectively V avg = 80.9 km·h -1 , V avg = 90.5 km·h -1 and V avg = 66.1 km·h -1 .
Another road geometry-related parameter influencing the driver's behavior is the width of a driving lane and a shoulder. Percentage of speeding drivers in relation to these parameters is presented in Figure 1a and 1b, respectively. lane equal 3.25m and 86.2 % on roads with driving lane equal 3.00m). Similar phenomena have been already earlier observed on national roads in Poland, but in a smaller scale [13] . Due to relatively short lengths and the limited number of sections located in built-up areas it was not possible to evaluate valuably the influence of a road curvature on the drivers' behaviour. In built-up areas each of the analysed sections had only one horizontal arc, which made it impossible for adequate analyses. Such relationship could be evaluated on other roads located outside of built-up areas, where analysed sections had at least three curvatures. Figure 2 presents the relationship between the average speed and the road curvature for regional roads. Statistical analyses confirmed high negative correlation between the average speed and the road curvature (r = -0.9312) and the statistical significance of the correlation (p = 0.00009). In case of district roads, the correlation is also negative, but the correlation coefficient is essentially smaller (r = -0.05513) and is not statistically significant (p = 0.1239). The highest average speeds were recorded on roads with the lowest curvature (V avg = 80.9 km·h -1 and V avg = 78.5 km·h -1 for regional and district roads, respectively). Considering the correlation between the 85 th percentile of speed and the road curvature the significant dependency (r = -0.7803; p = 0.00774) was confirmed for regional roads (Figure 3a) , whereas for district roads (Figure 3b ) the dependency was statistically insignificant (p = 0.1403). Conducted variance analyses confirmed significant influence of both the driving lane and shoulder width on the average speed with p = 0.0044 and p = 0.0000, respectively. 
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(p = 0.018328) and lack of such a significant difference (Figure 4b ) in case of regional roads (p = 0.155905). These statements are valid as long as we consider categorized vehicles recorded on all district or regional roads. However, while regional roads were investigated separately, statistical significance between the average speeds was stated on some segments (R1, R2, R4, R7). Detailed analysis has revealed that crucial effect on the significance of difference between the average speeds has lower average speed recorded for trucks in comparison to the average speed of passenger cars (p = 0.00849). Mutual comparisons conducted for the other pairs of vehicles presented in Figure 4c and Figure 
Conclusions
The conducted speed surveys and analyses are based on average sectional speed results and revealed lack of speed uniformity in relation to road characteristics. Speed surveys conducted on regional and district roads located in Podlaskie voivodship have revealed that drivers' behaviour in terms of the average travel speed depends on the road curvature and the highest speeds were recorded on roads with lowest curvatures. The relationship between the average speed and the width of the driving lane and shoulder is ambiguous and there is no simple correlation bounding these variables. Speed surveys and analyses are crucial for any activities undertaken towards safety improvements on roads. The research results show that such activities should be each time preceded by detailed research rather than based on the generalised conclusions drawn on the basis of few test segments. Considering traffic conditions an important issue is speed homogeneity. The conducted analyses proved that the average travel speed depends on the type of a vehicle in case of district roads, where the percentage of vehicles others than passenger cars varied between 14 % and 24 %. On regional roads the percentage of passenger cars varied from 82 % to 91 % and the influence of the type a vehicle does not significantly influence on the average speed, but deepened analyses of individual sections showed that in some cases such a difference exists.
